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( — ) > # ^ £ ffi ^ 7t # ft * # St 118 J?- t?L "Ml : 
3 1 ~ m # # K ; 
32~^##i^^ ; 

^ " METHOD FOR FORMING UNIFORM BOTTOM ELECTRODE IN " 

TRENCH OF TRENCH CAPACITOR) 

A method for forming a uniform bottom electrode 
in a trench of a trench capacitor. A semiconductor 
substrate has a dense trench area and a less dense 
trench area with a plurality of trenches formed in 
both areas respectively. A hard mask layer is 
formed on the semiconductor substrate, and the 
trenches are filled with the mask layer. The hard 
mask layer is etched at an angle until the dense 
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301 ~ 4- * ft & ^ ; 
3 o 2 - # % it m ; 
3 0 3 - & >t ; 

304-^-f-^J- ; 
305~fflfMt&P.B.,§ ; 
306 -307- Wo ; 
3 0 8 - $ # ; 

3 o 9 - # m & >t ; 

310a > 3 10b - 310c - 3 1 0 d - PiL ^ ; 
31 1 - m -f- ^ H o 



A - (-M;^ : METHOD FOR FORMING UNIFORM BOTTOM ELECTRODE IN 

TRENCH OF TRENCH CAPACITOR) 

trench area and the rare trench area in the 
semiconductor substrate are exposed to leave the 
hard mask layer in the trenches. Finally, the hard 
mask layers in the trenches are etched, and a 
uniform thicknesses of the hard mask layer in the 
trenches is achieved. 
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i * (1) 

[ # ^ m 4 ^ & #t 4i ^ ] 

* # ^ # * Bfl ^ - ft # t S- 4L T f * 60 ^ • 
4# #J #- t I ^ - tt € ^ - t& t I- it t ^ flj ^ f t T f 
teffl*.**.#;£&^3tt3r* ' £4 it M & # - # € S- ^ 

t& & Pit ^ # ^ <& 'It ^(Dynamic Random Access 
Memory • a T ffi 34 J*> DR AM ) # a f e, 'It ^ tg ( m em or y cell) ft 
f 60 ^ f; # ( c h a r g i n g ) fjfc H & 6* # t ' • $L A t£ ' € 
S|-^tI^#^ftifififtA > K'J tf( it} afc A It 

If ^ t # £ f '] m m M ^ 60 <|f ^ • J(o ffi t^^f | ft it If 

fcCSoft Errors) # • # °T A ft Afe. ft- 4& - T ^ • Bp % 
& 1fr X ' it 'ft It ft m #f # t ^ 60 H £ 5. St -fr & $ - @ jtb • 

4l - - 

£^ft€5&(integrated circuit, IC) Ja £ Ji IK. # $ 
**£^-ftJ-«t>L#B$ ' ^ 4 it- *> *T $e * f - « t 'It # 
tl (memory ce 1 1 ) 60 A '}> & % tl $ & > ^ ^ ^ # ^ il ^ ^ 

& ° # & 60 -sp- a t & it «t tf * ' 4> t it # - -fa * * x. -t 

^_ % a -It tl > <j& 21 $ * m f a B a it 60 ffl & -k jSL m Zsl ' a & 

it 'It tg 60 ft fa flo ^ - 4s £ . it 4 ^ M j& ^ & ± i& A 60 

^ € 55SL jit ^ it ^ 4i tl _L 60 % M ' ife flo -fit # ' f: 

^ m « # 60 € # ^ ^ ° ma . ^ «g %l ffl ^ 60 4* fa ^ l=] 
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i > ^mmm (2) 

if *n 1 £ ^ ® ^ > j$ 'J? € ^ ^ ft 60 * £i ^ f ^- 5. # # • 
a it & & Jt it <IS ft ( M *n : ^ 1 151 ^ ^ ^ f& -it It ' DRAM) 

-&#&Ai5**isj#jf;5£g*&i£&4fr ' * t - n % 4 A 

t S ' £ - #6 £ * m &(deep trench) t ° £■ t ' Sfc li 
$ f £L t # # ^ i ;& i*j ^ # - ^® >m |ft ' "it ^ ^ iil^ 
f. # % & « # & ' & * ♦ 4* m it 4ft -f- it # H *h ft ^ ° 

# ft, ^ Sfc * # € S 6<j U & # *s * # # ' * M * #'J U . 
S. Pat. No. 4, 3 5 3, 0 86 + S*- ^ * # >m # t S- ^DRAM # 
# *s 60 idt o 

t* # # # la nib m ' # ia n % m ^ t ^dram 4l m * 

60 m n 7F S 1 ' $lbl #. II 7F v& # 1 a ffl ^ &B-B #r tf ^ 

>fv |# & 60 ^'J S 7F t S ° 

ft $- % % 1 a n ' #. 4B ffl « 9- ft 1 0 4 #. # - it & 1 0 6 

■ i. ^ A # ?ii ' so t & it ^ it it > m/ >%. m m it n # m # ^ 

-3L^H*U02t ° ^ *h ' - M %L m it 1 1 2 # ^ ^-J t!t £ ^ 
HP 4L i t& H ^ 1 0 2 60 ^a m *SS » S. ^ & & 1 0 8 ^ - ^® la 'It * 
tgI^ ' ffij Jfe & 1 3 8 #. Jj? - # /SQ # #: ' ffl ^. >}f 4fc it ^ 1 0 6 € 
it # 5. *s it 1 « 

tf # # f 1 b ffl > U — ^® P 3!! ^ ^ ^ 1 0 1 & #J ' * 4t ft -L 
tk 4 * -P >f 1 22 • -N ^ Jt a ^ 120 # ^ ^! ^ f 

122T^ ' ffn >m m 1 1 2 f ^P 2! >f 122 ^ a ^ ^ 120 
A £- & ^ ^ 1 0 1 rti-ISt^I ° - N # M 1 1 4 # 
^ >m j& 1 1 2 T ^ H. J* 60 ^ S ' ffl^^^^^^H^^t 




i - %tm&m (3) 

; - NO ft % M 1 1 6 #. ^ j& ^ ^ 1 1 2 ^ T ^ H. ft #J 

^ # ^ £P ' ffl*.^^3^m*f:^4L^-5t^f ; - g - ^ B a a 

^ i i 8 #. ^ }% >m m * i i 2 ^ t ^ n. > m&ff%m%k7&%. 

S ^ # Ip (storage node) • ffi^j. - — 41 ^(collar) fL'fb 
m 1 2 4 #, 1& X ^ m ft. 1 1 2 ^ _L 3" H M # #J ^ _±_ - - % — $ 
a B B ^ f 1 26 ^, ^ ;^ f. i Jfl 1 2 ^ ± H ^ ' ja A — £ =. £ a s a 
^>fl28#. «tt^*^j*1124LTl*P ' ffl * # £ € it # 5$ HI 
* f f ^ « / t 1134 if A f (buried strap >BS) 

° itb ^ ' ^ hp ^ >m m * 1 1 2 ^ w 15: * # - & i# at ^ 

(shallow trench isolation, S T I ) i* # 1 3 0 » fln^fl^^ 
^-(iaW^SHttl04W«Lt*#«4t^rl38 > *T a jfr 7t & 
1 0 6 tE it & 5. ^ / ^ # ft H 1 3 4 ° 

tf#^^2a-2iffl ' £2a-2i ffl jfc ^ § 4l j& j* # 

tf # # H2a ffl ' H- & ' ^.^--f^#^^201 - ^ ^ 

^ft&^2 0 1i-^^^^-^|L^b^202 > - ^ li 4t J| 2 0 3 
- - m S& 3& ^ (boros i 1 i cate glass » BSG ) ,# 2 04 ,5. — * 
#&*Lfflo2064Lffl!Mt;fcl&,t205 ' S3 c 2 0 6 ft ttj £F ^ ^ 

^' ii * 3$ >f 2 0 4 T ^ j& ^ jfc # D °o f & # • ^1 ^ tS# 

tf # # H 2 b II ' S3 fft 4b & P-S- ># 2 0 5 ^7 4k U % & > £fe 
*JftiH*.*^flH^8fe3gfe^^204w^'^ 1 ^L*tBflo207^ ' # 
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i - (4) 

ffl!Mb&FJ.,#205#l&- ' £■ t ' Ma207*d{«P^«'tL'fb>t^> 

2 o 3 # & s ° 

tf # 4- * 2 c !fl ' tt^^ 204 |,#l'J If ' 

# *J- & fl 4b >§ 2 0 3 * & &4b£202&-ft£tt&J&20l3£;fT# 

# i6j 44 4* £| ' a£-f^ft:&J&201t^J&3L#:?&**208 ' M 

j*#208#itl^tt*&te;8frfctt#ift&22£-£## ° 

n %. % M ' ^^H>fb>f203A3^^208^dJ4L*® 

_L J'll m '14 ;£ - # *t ^ 3*. M 2 0 9 ' #*f^3&J£>§209fflja 

t* 4 £ 2 e ffl • ^#^t^^^^ 2 0 9 ±f ^^Piyf > 
fcl&,§-ri*ja&m#4L*4*208 - S^*#«*®2l4L*^t 
2 0 8 # & S # # i& II 2 2 £ # ^ & » >* *t ^ # H. 2 1 -fr * 

& Pi £ 2 1 0 a 6*j $ & -fr 4f # H 2 2 _L ^ & PJ. >f 2 1 0 b # & 

& # 46, 

If # 4- ^ 2 f ® ' #&J&£210ail210bi£*T** 
* # 2 0 8 t @ T - ®fc £ if- & ^ * PJ- £ ° ^ ffii ' m % & Hi. 
>#210aA210b4L^.JL^|SJ6<j^4t ' #^#^*^21_L^it 
ia^210a*fe«*Jfl&*ib#*t^sfc^>t209 B^ > & # # i& & 

22;&®J^4L;fcPJ->#210b#;5k#:'&£'J& ' #T^#^#^#H 
2l4L*#208 t^*Pi>f210c&#:4ft$!l^ 1 --«)t^j&4Let^ 

>f- 5. ' ^##^ L H22^>t#208 t^Tt Pa. >f210d^^^ 

•f-^L^PJ->f210c^->?- ° 
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& ' Jp. >f $ # & *f ; a - ^ ^ i f ^ ^ f it e *J 

t # >* # ft ^ jp. * j§ ; jl «■ * ft =ft ft 4l jp. $. m m if u m # 

t t ± § ^ ' * # b/3 # «: ^ - ^ ^ # € S- 41 ^ # 

& ' it ffl ^ - % m fit *fe # ^ *& <jt ft 

' & & T n # « = &#--¥-9-*t&& ' ^^if*;&JL#- 

t f I # n - it # 4 i ; Jijii 

'|± ff> & - # & «& $. £ ; ^ # & jtg & ,f Jl ^ ^ — 7t P§- £ ' & 

is. >§ * ^ # m * ; a - # # n & & pj. >t it fi- n p m %l Mr 

dj*4t^#SA*«#jgs.E ' <g T # *# ft 4i pa ,f ; 

^^*«rt4i5t,ia>tit^t't*S'J ' ^ ^ - # ft 4i & p§. ;f 4i 

£■ & x it m ; a # & p§. ># £ ^ &i jp. £ ' 1& 3£ dj 4l # & 

*& & >f ' «®T#*#rt4L$£Att;telS]4L# # #L & £ 

; * ft- # it Pa- # : i^l##«tl«f «f ^i^Aifi 
ft z-$L $t # $i n - 

^# B ^4l^-@6fj • ^ & ^ - $ if ffl -t i£ 3" >ir ^ 

& st*l#*ia**7t t ^ A * * n - &4.tltfS4.T 
^ ^ #7 3r /'i ° 

*^tf f 4:Tf ' & # T ?'J ^ ^ : $k - 4- tf- It 

^-^m.&M.X^^^M.-^-U^ - - % — #L % - - Jp. ii^ 
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[ 5T ^ ^ ^ 1 

tf#^^3a-3jffl ' f 3a-3 j SI # II ^ # W 4l ^ ^ ^ 
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H * >^3 0 1 * # - * # « * & 3 1 - it # # fa IE 3 2 » ^ ^ 
^M*^301Ji^^^^-^^303 ^ - ^^-^>f304^- 
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* * & it d 3 0 6 m * 4b & fi§. ># 3 0 5 > ffi o 3 0 6 # % ifc ^ M 

• J- ^ # f fcl 4* £ & >fb & ; ^jp.*.^3044L#f^j*.^. 
fl8^3st^*B^>f(borosilicate glass 'BSO^^Iu^b^ 
n m # afe 3& ^ & ^ ' T 4£ *t ^ «B» ff Jfe ' %L J$L fa # * 

& & ^ & #j ; ^^is&^3Oi#^^3O3f 0 iJt^r^^-^^ 

- 

tf #- 4 ^ 3b SI > affl#'fb?fcia^305^*k*JjP-^ » & 
$1 S A 41 © f. ifc ># 3 0 4 « j& & *t ft o 3 0 7 > m M % 

4b;fcPJ-,#305#i&' At ' BflD307*iH«P^1fe'>f303^*. 
5j ° 

tf # ^ J£ 3 c SI ' ^ ^ ^ /| 3 0 4 *'J #- ' tfl /f *f- 

^ 3 0 3 > ^|L^b>f302iL^-^lt*.^301ife^t#^^«l±^ 
I-J > a-k*^tt&&301t^J&=SL*tJ*4t308 • 

£ # 3 0 4 # Bfc ; ' ##fc4±«*J^J»'fc|:fto£.£.J& 4± ^ 

I'J (reactive ion etching ) sSl 1| $1 /fck £'J (plasma 
etching) ° #$fe.Ut$1!r9t3L4k > ^ W m % M Ol Ifr it # & 
£&3l4Lfc#308#&i&>lk;^*##j&&3 2.g-&#j£ ° 

tf ^^^3dffl - iff -f- * # 3 0 4 Bfc- & » ^^^303^ 
: M # 3 0 8 % ifc 4l * * _L m M *£ ^ j& - # # 3& >f 3 0 9 • # 3£ 
3^J^>f309 ^Jio^:#«t^3^^>f(arsenic silicate glass 
' ASG ) • ffl«^t*f^t^*t^4:Tt*4:ffl - 

tf # # £ 3 e II ' ^ # & j£ J- 3 0 9 _L ^ /fc & IS >f > & 
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i - (9) 

RB. J- * m * # 3 0 8 ° S £ * # & # d 3 1 * ti 3 0 8 0 

#*tl*fcjfc##3ll£32£6$ifc*fc. > m ft & % tl 3 1 it % «t £ 
^TtFlf ^A^tf308 f t ' S jtb tt & # II 3 1 _L 4l & PJ- 
^310a6t^^#|i>t##iEJilll32_L^7fePJ.^310b6^^^^ 

tf ^ '£ 3 f H > W-^*3*.4Li«t^A^4 5^L4LM^^ 

& *f & PiL ,f 3 1 0 a & 3 1 0 b it # # * ft t£ ^ £■] # ^ > Jl 5. m # 
#^5^^309^^^®_L^310aA310b#^l^^jL > ft© 
T**t308 *4LfcpjL,#310c « *>|3gffl^^ - * t ' ft # 
it/ -I± £k £>J Or ft W -to Bl M tt it£ £k *J ( r e a c t i v e ion 
etching ) f; III (plasma etching) ° 

£] jtt # # ft <l± £k $J # a - # % J* it ft ' EI itb # to 

^7tPJL^310a^^l^^ ' *#^#^31^j*#308^4L7fe, 
BL J§ ?F % %} > *n jtb - £ • # i# it # # # ft t± £k *l # 

a P£ ft # 5]r L IS 3 2 _L 4l if- J8L & & #j & IS. >f 3 1 0 b b£ . ^ ^ 
*#^#S31Aj»##JS{Llg324L3|4t308rt4L^,pj.>t310c 

tf #- 3" £ 3h ffl • # * ' St & m M 3 1 0 c it e # # ft ')± 
® ft ' 5:^^>ftf 308^^^-^*^^^^^7t,Pa^ 
310d » @^>f#^.#^31^^##^ L II32^L^tt308^^ 
&PJ-,f310cAli#^#j^l&. > Sitb^tt^#1131^^tt# 
j&£324Lj*#308rt*&^j&^&l&,t'310d#*Ajtt$ 
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i - &WiSLW (10) 
% ° 

ft #- # ^ 3 i 91 » J^7fcPi.^310d^«*Jjp.*. > f 14^ 
to 4i # 3& ># 3 0 9 P£ ' ffn@T#:a^4i##3^J^J. 
3 0 9a • *tifr&#l&31Ajfctifr#ift£324L*tifr308ft4L#|fc 

309 ##&#]:fr£ja|L4t4&«*'J«.^fc(buffered oxide 
etch > BOE) # A 4k M «. it 4r *J • BOE M. It 4i & /& tb 

#<J #'J 4° £NH 4 F : HF : H 2 0 = 5 : 1 : 4 8 ° 

it # 4 3? 3 j ffi • PJL>#310d#. ' ^^^900^960 

SL 4i a £ t M -f $ It i 3 0 1 it ft i& * # Jf* ' a ^ # & 
3&3*,i309tt#&:^#^-&;v-£9-lt&;&301 t ffij ^ * -f- 
*& s 3 1 1 ; m #. ' W * A it 4i # # & ,# 3 0 9 &r - * 

H^4SL^}fcti*##&31A###^IE32^3*ti*308ft 
^##3&3$#309a#^-tAlt*ll5]6*j#.#: ' HI itb it & E] 
*#**&-#-£-f$&&J£301 t ^^X.t ASt^fi % 4i ft 
Tt^4^^^^|7v!I311 ' -Titifc*4t*#&31A*##. 
SSL H 3 2 _L m ^ & 4i $ ft t 41 T € ^ A * £ H- 60 'Jt ° 

& $ * # h/3 e, a & il^i • £. j£ # ^ a 

1% £ # B ^ ' & H & g jtb & $ * ' £ * fl£ ^ # B £ 4i # # 
^ li I ^ ' t»T^ift*i«* ' SI itb * # 4i ^ l£ || si # 

& m 4i t tt * #i $i m m % % ^ » 
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% 1 a 11 # II ^f 1 ^DRAM ^ m & # m ?>] 7F f. | ° ^ 

lib I #. II >&$lal^^ ,ilB-B /tf ^f ^ ft £'J 

S> TF M M ° 

if # # f 2a-2i SI • $ 2a-2i 11 # II tf f *° ^ % /& # 
tf#4^3a-3jS ■ J£3a-3 j SI jffi ^ ^ % W 4l % & 

# %l tt m : 

l o l ~ ^ & ^ ; 
1 o 2 ~ i % n ^ ; 
l o 4 - ra a # ft ; 

1 0 6 - to tL & ; 
108~fe,'lft-£7t&JsS, ; 
1 1 2 ~ as. m * ; 
114-N ^! ; 
1 1 6 ~ -ft* « # ; 
1 1 8 - % - % a s B ^ # ; 

120-N ^ a ; 

122-P >f : 

1 2 4 ~ 41 21 ft 4b ; 

1 2 6 - H - £ a s a ^ # : 
1 2 8 - £ Jl £ a B a ^ >f ' 

130-&**li**##; 
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